Dyslipidaemia and hypertension are features of the metabolic syndrome, but the role of dyslipidaemia in the development of hypertension is less clear. We assessed the association of dyslipidaemia with incident hypertension during a 7-year follow-up in a population-based cohort of middle-aged men without hypertension at baseline.
Introduction
Hypertension and dyslipidaemia are well-established and partially overlapping risk factors for cardiovascular disease. 1 -6 Moreover, hypertension and dyslipidaemia are manifestations of the metabolic syndrome, which is also a consequence of the interaction of genes and the environment. 1, 7, 8 The pathogenesis of hypertension and the metabolic syndrome is only partly understood, but endothelial dysfunction likely plays a role in both. 9, 10 In the Physicians' Health Study, total cholesterol, non-highdensity lipoprotein (HDL)-cholesterol and HDL-cholesterol predicted onset of hypertension in 3110 men without self-reported hypertension. 11 These findings agree with some of the few prospective studies on dyslipidaemia and incident hypertension. 12 -14 Thus, hypertension may be a consequence of dyslipidaemia or closely related metabolic abnormalities. None of these studies has adjusted extensively for features of the metabolic syndrome. Little is known of the association between other features of dyslipidaemia, such as apolipoprotein A, apolipoprotein B, or triglyceride content of the low-density lipoprotein (LDL) or HDL particles, and incident hypertension. Elevated triglyceride-rich lipoproteins, VLDL, small dense LDL particles and apolipoprotein B and low HDL cholesterol and apolipoprotein A are characteristic features of dyslipidaemia in the metabolic syndrome and type 2 diabetes. 15 In addition to reverse cholesterol transport, HDL cholesterol stimulates nitric oxide (NO) production, inhibits adhesion of monocytes to endothelium, and has antithrombotic and antioxidant effects. 16 In contrast, LDL cholesterol and triglycerides may damage the epithelium, impair NO release and cause endothelial dysfunction. 17 Therefore, dyslipidaemia could cause hypertension by mechanisms only partly related to obesity and insulin resistance. We hypothesized that dyslipidaemia would predict incident hypertension during a 7-year follow-up of 311 middle-aged Finnish men participating in a population-based study. In addition to commonly measured lipid and lipoprotein fractions, we also measured the triglyceride content of LDL and HDL cholesterol and apolipoproteins A and B. Because the various measures of dyslipidaemia are intercorrelated, we used factor analysis as a complementary analytic approach to logistic regression to provide further insight into the association of dyslipidaemia with the development of hypertension.
Methods

Study population
The subjects were participants of the Kuopio Ischaemic Heart Disease Risk Factor Study (KIHD). 18 Participants were a random age-stratified sample of men living in Eastern Finland who were 49, 55, 61 or 67 years old at the baseline examination of this study in 1991 -1994. The recruitment and study design have previously been described in detail. 18 Repeat examinations were carried out in 1998 -2001. In all, 1038 participated in the baseline examinations, and 854 men (90% of those alive) participated in the 7-year follow-up. Men with hypertension at baseline were excluded, leaving 311 men for analyses of incident hypertension during the 7-year follow-up. The participants were examined in the same month as at baseline 7 years later. This was not possible for many, but follow-up was within 3 months of 7 years for 75% of the men. The median length of follow-up was 6.99 years (interquartile range 7.74 -7.25 years). None used cholesterollowering medication at baseline. The study was carried out in accordance with the Declaration of Helsinki and was approved by the university ethics committee. All participants gave their written informed consent.
Definition of hypertension
Blood pressure was measured with a random-zero mercury sphygmomanometer (Hawksley & Sons, Lancing, UK). The protocol included three measurements while supine, one while standing and two while sitting, with 5-min intervals between measurements. The mean of the two measurements while sitting was used as the blood pressure.
Hypertension was defined at baseline and follow-up as systolic blood pressure 140 mmHg, diastolic blood pressure 90 mmHg, or current use of antihypertensive medication. 19, 20 Lipoprotein, apolipoprotein, and lipid measurements HDL cholesterol was separated from fresh serum by combined ultracentrifugation and precipitation. The cholesterol contents of lipoprotein fractions and serum triglycerides were measured enzymatically. The triglyceride concentrations of HDL and LDL cholesterol were similarly determined after isolation of HDL and LDL cholesterol. Analyses of apolipoprotein A1 and apolipoprotein B were based on the measurement of immunoprecipitation enhanced by polyethylene glycol (PEG) at 340 nm 21 using a Kone Specific Chemical Analyzer (Kone Ltd., Espoo, Finland).
Anthropometric and biochemical measurements
Body mass index was computed as the ratio of weight to the square of height (kg/m 2 ). Waist circumference was defined as the average of two measurements taken at the midpoint between the lowest rib and the iliac crest after inspiration and expiration.
Fasting blood glucose was measured using a glucose dehydrogenase method after precipitation of proteins by trichloroacetic acid. Diabetes was defined as fasting blood glucose concentration 6.1 mmol/L (equivalent to plasma glucose 7.0 mmol/L) or a clinical diagnosis of diabetes with dietary, oral or insulin treatment. 22 Serum insulin was determined with a Novo Biolabs radioimmunoassay kit (Novo Nordisk, Bagsvaerd, Denmark). Fibrinogen was measured based on the clotting of diluted plasma with excess thrombin. Serum C-reactive protein was measured with an immunometric assay (Immulite High Sensitivity C-reactive protein Assay, DPC, Los Angeles, CA, USA).
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Other assessments
The assessments of medical history and medications, smoking, alcohol consumption, adult socioeconomic status and leisure-time physical activity have been described previously. 24, 25 Dietary intake of saturated fat, sodium, potassium and fruits and vegetables were measured with 4-day food records as g/d and adjusted by regression analysis for energy intake. 26 High-resolution B-mode ultrasonography was used to examine a 1.0 -1.5-cm section at the distal end of the left and right common carotid artery proximal to the carotid bulb, as explained in detail elsewhere. 27 
Statistical analyses
Differences in baseline characteristics between men who developed hypertension and those who did not were assessed with Student's t-test, and where indicated, the x 2 test. To investigate the associations of the concentrations of individual lipids, lipoproteins and apolipoproteins with incident hypertension, we carried out logistic regression analyses with adjustment according to the following models: model 1, adjusted for age; model 2, adjusted for age and systolic blood pressure at baseline; model 3, adjusted for age, smoking (neversmoker, former smoker, and current smoker), alcohol intake (g/ week), adult socioeconomic status, leisure-time physical activity, presence of cardiovascular disease, and presence of diabetes; model 4, adjusted for the variables in model 3 and waist girth, concentrations of insulin, glucose and C-reactive protein, maximal carotid intima media thickness and baseline systolic blood pressure. The variables in question were entered into logistic regression models adjusting for age and potential mediating or confounding variables. The linearity of the association of the lipid, lipoprotein, and apolipoprotein variables was assessed by categorization of the variables into thirds. The association of lipid variables appeared linear, except for triglyceride concentrations in which the middle and upper third of the concentrations were similarly associated with a higher risk of hypertension. Therefore all lipid, lipoprotein, and apolipoprotein variables were analysed using continuous variables. The covariates for the logistic regression models were forced into the model. In analyses with all of the lipids, lipoproteins, and apolipoproteins expressed as continuous variables, stepwise backward logistic regression was used. As a complementary approach for assessing the associations of dyslipidaemia with incident hypertension, factor analysis was carried out using lipid, lipoprotein, and apolipoprotein variables. Principal component analysis was used for
the extraction of the initial factors. Only factors with eigenvalues . 1.0 were retained in the analysis. The initial factors were then rotated. We present analyses using a varimax rotation, and alternatively, a promax rotation to assess possible underlying pathophysiological relationships. 28 -30 The varimax rotation generates uncorrelated factors. Uncorrelated factors may simplify interpretation of the factors, but may not be biologically relevant. Therefore, we also carried out a promax rotation to generate correlated factors. The promax rotation allows derivation of correlated factors, which can then be rotated in a second-order factor analysis. 28 The factors were then interpreted as such, but also subjected to a second-order factor analysis. Cut-offs for loading varying from 0.20 to 0.40 have been recommended for the interpretation of factors. 31, 32 For interpretation in this study, we considered variables with loadings 0.40 to be heavily loaded on the factor, and variables having a correlation coefficient of 0.30 -0.39 to be moderately loaded. In analyses using continuous variables, skewed variables were log transformed, except for HDL triglycerides, in which the square root was taken. Statistical significance was considered to be P , 0.05. All statistical analyses were performed with SPSS 11.0 for Windows (Chicago, IL, USA).
Results
Baseline characteristics
The 88 men who developed hypertension during the 7-year follow-up had higher blood pressure already at baseline ( Table 1) . They more frequently had the metabolic syndrome and more pronounced characteristics related to insulin resistance. Men who became hypertensive during the follow-up were also more dyslipidaemic, except with respect to apoA1 and LDL cholesterol concentrations.
Baseline correlations
Most of the lipids, lipoproteins and apolipoproteins were moderately or strongly intercorrelated ( Table 2) . Especially lipid and apolipoprotein B concentrations were associated with fasting insulin concentrations, waist circumference, and to a lesser extent, systolic blood pressure.
Lipoprotein, apolipoprotein and lipid concentrations, and incident hypertension
In analyses of individual lipids, lipoproteins, and apolipoproteins, a 1-SD increment in serum concentrations of triglycerides was associated with a 1.8-fold higher risk of incident hypertension, even after extensive adjustment for other potential mediating or confounding variables (Table 3) . Similarly, 1-SD increments in the concentrations of apolipoprotein B and HDL triglycerides were associated with a 1.4 -1.6 times higher risk of developing hypertension. LDL cholesterol and LDL triglycerides also predicted the development of hypertension, but the association did not reach significance in the fully adjusted model. The sample size in our study is rather small for stratified analyses. The associations of the measures of dyslipidaemia were nonetheless similar in men with systolic blood pressure below the median (122 mm HG: for a 1-SD change of triglycerides, OR(odds ratios) ¼ The interaction of measures of dyslipidaemia and CVD at baseline with respect to incident hypertension was not significant (P ¼ 0.14 -0.87), however.
Although somewhat unreliable because of the high collinearity of lipids, lipoproteins and apolipoproteins, we also used stepwise backward multiple logistic regression with age and all the lipid, lipoprotein and apolipoprotein variables as given in Table 3 as continuous explanatory variables. LDL cholesterol, HDL cholesterol and HDL triglyceride content were significant determinants of incident hypertension in these analyses ( Table 4) .
Factor analysis
To derive uncorrelated factors, we carried out factor analysis of all the lipid, lipoprotein, and apolipoprotein variables as shown in Table  3 by extracting factors with an eigenvalue 1 and carrying out a varimax rotation. Three factors were obtained. The factor explaining the greatest variance, 46.5%, was termed the triglyceride factor because of the high loadings of variables related to triglyceride metabolism ( Table 2 ). The second factor, which explained 25.1% of the variance, was termed the HDL factor because of the high loading of apolipoprotein A1 and HDL cholesterol. The final factor explaining 15.8% of the variance was termed the LDL factor.
Because uncorrelated factors may not be biologically realistic, 28 we also repeated analyses using a promax rotation. The same three factors with the same variance were obtained, but the loadings on the factors differed slightly from the varimax rotation ( Table 2) . With the promax rotation, the triglyceride factor correlated with the HDL factor (r ¼ 20.24) and LDL factor (r ¼ 0.45). The HDL and LDL factors were also weakly correlated (r ¼ 20.16).
A second-order factor analysis of the factors derived using the promax rotation was carried out. A single factor explaining 52.9% of the variance was derived. This second-order dyslipidaemia factor was loaded onto by the triglyceride factor (0.82), LDL factor (0.78) and HDL factor (20.55). The dyslipidaemia factor had modest to heavy loadings by all the lipids, lipoproteins, and apolipoproteins ( Table 2) .
Lipid, lipoprotein, and apolipoprotein factors in the prediction of hypertension Of the factors derived using a varimax rotation, only the triglyceride factor was a significant determinant of incident hypertension ( Table 5 ). The LDL factor tended to be associated with incident hypertension in models 1 -3.
A 1-SD change in the triglyceride factor derived using a promax rotation was also associated with a 1.5-1.6-fold increase in the risk of hypertension ( Table 5 ). The second-order dyslipidaemia factor was even more strongly associated.
Discussion
In this study, new-onset hypertension was preceded by dyslipidaemia characteristic of the metabolic syndrome in middle-aged men. Abnormal triglyceride and LDL metabolism seemed to be most strongly associated with the development of hypertension.
Of note, overall or abdominal obesity and hyperinsulinaemia did not explain the association of dyslipidaemia with incident hypertension, even though obesity, especially central obesity, and hyperinsulinaemia are independent predictors of hypertension. 12, 13, 33 Thus, these findings extend those from Physicians' Health Study 11 and other prospective cohort studies, 12 -14 suggesting that underlying insulin resistance and other features associated with the metabolic syndrome do not explain the association of dyslipidaemia with the new-onset hypertension. Inflammation is related to abdominal obesity, the metabolic syndrome, 23, 34 cardiovascular disease 35, 36 and the development of hypertension, 33,37 but adjustment for C-reactive protein concentrations and carotid intima-media thickness did not alter the association of dyslipidaemia with incident hypertension.
In multiple regression analysis of the lipid, lipoprotein and apolipoprotein variables separately, 1-SD increments in the concentrations of triglycerides and apolipoprotein B and triglyceride content of HDL cholesterol were associated with a 1.4 -1.8-fold higher risk of developing hypertension. Interestingly, adjustment for baseline systolic blood pressure had no effect on the relations. The associations were also similar in analyses stratified by median systolic blood pressure at baseline, indicating that higher blood pressure at baseline does not mediate the association. In multiple logistic regression analyses including all the lipid variables simultaneously, variables reflecting disturbed metabolism of LDL (especially HDL-triglyceride content and apolipoprotein B, but also LDL cholesterol) were associated .......... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ ....... Lipoprotein, apolipoprotein, and lipid fractions were entered separately into the multivariable models. LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol. Model 1: adjusted for age. Model 2: adjusted for age and systolic blood pressure at baseline. Model 3: adjusted for age, smoking (never-smoker, former smoker, and current smoker), alcohol intake (g/week), adult socioeconomic status, leisure-time physical activity, presence of cardiovascular disease, and presence of diabetes. Model 4: adjusted for the variables in model 3 and waist girth, concentrations of insulin, glucose and C-reactive protein, maximal carotid intima media thickness and baseline systolic blood pressure.
factors. Factor analysis has not previously been applied to interrelated lipid, lipoprotein, and apolipoprotein measures in the prediction of hypertension. The 'triglyceride' factor explained most of the variance of lipid, lipoprotein, and apolipoprotein concentrations both when using a varimax rotation and when using a promax rotation. With the varimax rotation, the 'triglyceride' factor seemed to primarily explain new-onset hypertension, whereas the 'LDL' factor only tended to be associated with newonset hypertension. The varimax rotation produces uncorrelated factors, however, which facilitates interpretation, but which may not be relevant biologically. 28 The promax rotation allows derivation of correlated factors, which can then be rotated in a second-order factor analysis. 28 The promax analyses yielded similar first-order factors as the varimax rotation, but as expected, the factors were intercorrelated. The first-order triglyceride factor from the promax rotation also predicted incident hypertension. In the second-order factor analysis of these factors, a single 'dyslipidaemia' factor was derived, which was a strong determinant of new-onset hypertension. Based on the perhaps biologically more relevant promax rotation and second-order factor analysis, 28 the many interwoven pathological processes characteristic of dyslipidaemia in the metabolic syndrome likely predispose to hypertension, rather than a single specific feature or subset of traits of dyslipidaemia. How may dyslipidaemia provoke hypertension? The mechanisms remain speculative, but the endothelium likely plays an important role. Endothelial dysfunction is integral not only in the pathogenesis of atherosclerosis, thrombosis and insulin resistance, but also in hypertension. Triglyceride-rich lipoproteins and LDL cholesterol have been shown to be toxic to endothelial cells, whereas HDL cholesterol may be protective. 16 Therefore, long-term damage to the endothelium may lead to increased peripheral vascular resistance and thus to arterial hypertension. Dyslipidaemia may also cause hypertension by increasing arterial stiffness. Dyslipidaemia and other features related to insulin resistance were associated with decreased arterial compliance of the carotid artery in the Bogalusa Heart Study. 38 There may exist other mediators, like the recently identified member of the nuclear hormone receptor family, liver X receptor (LXR, also known as NR1H3), which is a potential regulator of renin expression. Daugherty et al. 39 have shown in mice that hypercholesterolemia is associated with increased levels of circulating angiotensinogen and angiotensin peptides and that all the components of the renin-angiotensin -aldosterone system (RAAS), including renin, are overexpressed within atherosclerotic lesions. Of note, LXRa is physiologically activated during lipid loading, and the expression and activation of LXRa inside the atherosclerotic plaque have also been described. 40 Adjusted for the variables in Table 3 and for the varimax and first-degree promax factors, the other factors are derived from the analysis.
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major mediators of cross-talk among lipid metabolism disorders, the RAAS, and blood pressure regulation. If lipid disturbances provoke hypertension, it is logical that pharmacological treatment of dyslipidaemia lowers blood pressure. The large Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study 41 and the Brisighella Heart Study 42 have found a small decrease in blood pressure with fibrates 41, 42 and statins. 42 In a recent meta-analysis of randomized controlled trials of statin therapy, statin use decreased systolic blood pressure by 1.9 mmHg compared with placebo. In those with high normal or high blood pressure, the mean decrease was 4.0 mmHg. 43 A limitation of this population-based study is the relatively small number of subjects. However, blood pressure at baseline and follow-up was measured accurately with a standardized protocol, rather than relying on self-reported hypertension. Moreover, extensive adjustment for potential confounding or mediating factors related to lifestyle and insulin resistance was done. In addition to clinically used lipid and lipoprotein measures, we also assayed apolipoproteins and the triglyceride content of lipoprotein fractions to provide a much broader picture of the dyslipidaemia characteristic of the metabolic syndrome. Similar results using logistic regression and factor analysis as complementary analytical approaches reinforce the findings and provide additional insight. It is nonetheless possible that residual confounding remains, and that underlying metabolic, genetic or environmental influences explain the association of dyslipidaemia with the development of hypertension. Also, extrapolation to other ethnic groups and women must be viewed with caution.
Dyslipidaemia characteristic of the metabolic syndrome predicted the development of hypertension during a 7-year follow-up of middle-aged men. The recognition of dyslipidaemia characteristic of the metabolic syndrome and initiation of lifestyle treatment even in the absence of hypertension is likely to reduce the long-term burden of cardiovascular disease. Furthermore, these epidemiological associations may fuel studies on the biological mechanisms linking lipid metabolism to blood pressure regulation.
